Abstract. Introduction: Sharps injuries (SI) among healthcare personnel (HCP) in Australia are of such concern the matter was brought before Parliament in 2013. Many SI from safety-engineered devices (SED) are due to nonactivation. Monitoring of activation is recommended. This paper outlines a sharps container (SC) contents audit conducted in Australian capital cities.
Introduction
A recent USA study of 125 hospitals found the incidence of sharps injuries among healthcare professionals (HCP) was 1.9 per 100 full time equivalent staff (FTE). 1 There are no Australian national databases from which the total number of SI among Australian HCP can be calculated, however a recent estimate placed the figure at 19 355 reported SI per year. 2 With 329 000 HCP employed in Australian hospitals, 3 the incidence of reported SI among hospital staff is thus estimated at 5.9 per 100 FTE. This higher incidence over that of the U.S is of great concern 2 and was brought to the Australian Parliament's attention in July 2013. 4 Sharps injuries significantly decrease with the use of safety-engineered sharps devices (SED). 5 However, with increasing use of SED, the proportion of SI sustained from SED (over non-SED) increases 6 and the majority of 'after-use' SI are due to non-or incomplete activation of SED. 6 From an early time, the activation of SED has been recognised as a key component in SED efficacy, and monitoring of activation rates is recommended. 7 Monitoring of SED activation rates can only effectively be achieved by decanting SC contents and counting activated and non-activated devices under controlled environments. 8 No published studies of Australian SC contents audits were found in the literature and this paper presents the first national study of SC contents.
Methods
The study was conducted between November 2012 and July 2013. An area was set aside at a regulated medical waste factory in each city and patient-room, 22 L reusable sharps containers (Sharpsmart, Daniels Corporation, Melbourne Australia) were randomly selected from large transporters arriving from randomly selected large healthcare facilities (HCF) in Sydney, Melbourne, Perth, Brisbane and Adelaide. The names of HCF were unknown to the operator. Depending on factory deliveries, between 3 and 10 HCF were sampled from each city. Between 3 and 6 SC were chosen from each facility. Sharps containers were confined to the 22 L size commonly used for patient rooms so as to exclude laboratory and operating room sharps waste. Eye and face protection, long-sleeve gown, covered leather shoes and heavy-duty gloves were worn and tongs were used, and each SC was opened and the contents gently decanted onto a large plastic-lined bench. The contents of each SC were sorted item-by-item into the categories depicted in Table 1 . Only hollow-bore needle (HBN) devices were counted as these have the greatest risk of bloodborne pathogen (BBP) transmission 6 and are more likely to have SED available than 'other sharps' such as ampoules, broken glass, etc. Safetyengineered devices connected by tubing to a non-SED HBN were classified as 'non-SED' devices. Volume and weight of sharps sampled were recorded for reader comparison with other published audits. All categories were weighed to nearest gram on electronic kitchen scales and the volume of each category recorded. Upon completion of the audit, all sharps waste was returned to the factory system for destruction and disposal. WinPepi v2.78 (JH Abramson, Hebrew University, Jerusalem, Israel) was used to calculate probability (significance set at 0.05), relative-risk and 95% confidence limits.
Results
A total of 102 sharps containers were sampled from 27 hospitals in five Australian capital cities. A total volume of 1212 L of sharps (167.9 kg) was audited and 9651 HBN categorised and enumerated. Data on device numbers and percentages within major categories and their ranges are shown in Table 2 . No SED had evidence of tampering or removal of the safety mechanism. Examples of non-activated SED are shown in Fig. 1 and examples of non-SED are shown in Fig. 2 . Statistically significant differences were found between the 5 capital cities in both the ratio of SED to non-SED and the percentage of SED correctly activated (Table 3) .
Discussion
In this study, 70% of HBN were non-SED and 30% were SED. Among the 27 HCF the proportion of HBN being SED varied from 0.5% to 81.3% and city averages varied from 6.3% to 39.4% (Table 2 ). Of the SED discarded, the percent correctly activated among the 27 HCF ranged from 0% to 100% and city averages ranged from 35.0% to 90.8% ( Table 2 ). The level of non-SED use is higher than that found in a recent USA sampling 9 and is surprising given that commercial SED are available for most sharps procedures in Australia. Several sharp procedures do not have SED available, for example, some biopsies, but of the 6718 non-SED, few were biopsy needles. In a 2013 unpublished survey conducted by the author among 200 USA occupational health managers, more than 80% of all sharps procedures are conducted with SED -considerably higher than the level of SED use found in this study.
Of the non-SED present, 31% were capped but whether these were recapped or unused could not be determined; however, Stringer found persistent recapping was also an issue in Canada. 10 Overall, 54% of HBN were discarded as a 'naked' sharp. Included in the latter category (as well as nonactivated SED) were numerous non-SED needles, syringeneedle combinations, non-SED phlebotomy blood-draw barrels, non-SED wingsets, and non-SED dialysis fistula. Recapping is disallowed in Australian guidelines and uncapped syringe-needles must be discarded 'as is'. 11 However, it is alarming that 22.7% of discarded HBN were uncapped needles, as it indicates these uncapped needles may have been removed from syringes -possibly manually -a practice disallowed in Australia. 11 That 54% of sharps were naked at disposal also confirms the continued need for ergonomically sited, safety-engineered sharps containers. 12, 13 It is disturbing that 75% of HBN (7287 of 9651) were either capped or naked, indicating that a high proportion of HCP are unnecessarily placing themselves at risk of SI while handling sharps after use. While it was not part of this study to record the presence of blood, many naked-needle phlebotomy devices were visibly bloodcontaminated.
In several HCF sampled in this study and many SC, it was obvious to the author that SED were not available or not compulsorily required under the hospital's policy. The significant differences in SED use and activation between capital cities (Table 3 ) may indicate a city-or state-specific Implications * Sharps injuries among Australian hospital personnel are unacceptably and inexplicably high when compared internationally. * This national audit of disposed sharps found only 30% were safety-engineered devices of which 20% were not activated. * The findings offer some explanation as to the high injury-incidence and support urgent change, including possible legislation. culture and hopefully this study may provoke discussion in low SED use cities and facilities. The reasons for the lack of widespread use of SED in Australia is puzzling -it cannot be due to commercial non-availability of SED. Further research into SI-prevention strategies and cultures in high and low-use SED hospitals is needed. Unlike USA, France, Spain, most Canadian provinces and now all EU member countries including the UK, Australia has not enacted SED-specific legislation. Nevertheless all Australian states have enacted broad occupational health legislation which requires employers to ensure staff-injury risk is minimised. The incidence of SI in Australia, and the results of this study, indicate that Australia's current legislation and SI safety culture is suboptimal.
That the use of SED can significantly reduce SI is incontestable.
14 Legislated SED use in the USA reduced SI by 38% the year the legislation took effect. 15 Following SED legislation in Canada the non-SED syringe proportion was shown to drop from 56 to 7%. 8, 10 However, SED-specific legislation is not the complete answer. This is illustrated by the fact that following the immediate reduction in SI with the SED law in the USA, 15 the incidence of SI has failed to fall further in the decade since, 1 and a similar pattern was documented immediately following SED legislation in British Columbia. 10 The experience of countries with SED legislation tells us that not only is widespread use of SED required, but continued education in SED use and activation is paramount.
Of the SED present in this study, 19% were not activated correctly and Black et al. state that up to a third of total SI could be prevented if SED were activated after use. 6 The reasons for non-or partial activation of SED are reported to be ease of use, device preference, perception of patient adverse event, and training. 16 Prior to U.S SED legislation, the nonactivation rate of SED was found to be 30-40%, 16, 17 but with SED familiarity, high activation rates were achieved prelegislation. 18 Based on BBP transmission risk, Stringer and Haines proposed that an 'acceptable' phlebotomy and IV SED activation rate should be 100% or close to it, whereas syringe SED activation rates should be 90% or greater. 8 Such activation levels were not evident in this study. Accepting that not all procedures have SED available, and that education is essential in SI prevention, the dependence on manual activation of SED plays a major part in SI. HCF need to examine a greater use of automatic (passive) and semiautomatic (e.g. push-button) devices wherever possible. 19, 20 We cannot rest in our quest for zero SI. This study indicates that Australian hospitals need to urgently adopt SED more universally. The author believes that finding funds for SED uptake is a limiting factor in Australia and the nation may need legislation to overcome this obstacle as is the case in the U.S where it is unlawful to use cost as the reason for nonadoption of SED.
14 To provoke action on SI incidence reduction and SED uptake in Australia, the Alliance for Sharps Safety and Needlestick Prevention in Healthcare was established in 2009 21 and this matter was raised in Parliament by Dr Mal Washer for the first time in June 2013. 4 The study concludes that the results give an indication of the possible reasons for the high incidence of SI among Australian hospital workers: an unacceptable proportion of sharps are non-SED and an unacceptable proportion of SED are not activated. We must find new vigour to protect our HCP -it must encompass a more widespread use of SED and needs encompass more regular, competency-based education, staff ownership of their safety, thorough user-evaluation of SED, and use of SED less dependent on human behaviour. As stated by Murphy, the situation in Australia is serious and change is urgent. 2, 22 This study's limitations are: that audits were conducted on one day in each capital city and the results may not be representative of the HCF's average sharps usage; a small number of SC were sampled from each HCF and may not be representative of the HCF as a whole; blind selection of SC did not allow hospital size or teaching status to be ascertained; unattached caps were evident in the waste so it was not possible to determine if some uncapped needles had lost their caps in the decanting process; with some capped needles and capped syringe-needles, it was not possible to tell if they had been discarded unused -the same dilemma applied with some capped non-activated SED; further division into finer subcategories of sharps was considered too cumbersome for this preliminary study; and it was not possible to know whether HCF risk assessment or clinical assessment dictated that SED were not required, not appropriate or not available in certain procedures. Strengths of the study were: in the number of SC sampled overall; the number of hospitals sampled; the detailed recording of numbers, weight and volumes of each device category; and that five state capital cities were sampled.
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